This study examined the vegetative requirements of the flying squirrel, Glaucomys volans (Linnaeus, 1758) in central Virginia. Three separate forested areas, all within 22 km of one another, were compared with respect to vegetation and G. volans distribution. Phytosociological methods were used to analyze the vegetation, while traps installed on trees in geometrically regular grids were used to determine animal distribution. Our findings suggest that the absence or extreme paucity of the shrub-liana ground cover renders an area unsuitable for breeding populations of G. volans. Where flying squirrels were abundant, canopy tree characteristics (e.g., height, limb spacing, bark texture, etc.), had the greatest overall influence on flying squirrel distribution. Oak or oak associated types, in combination with a dense shrub layer, represented the most nearly optimal habitat for these animals. Mixed lowland and yellow poplar, but not pine, dominated forest types were also utilized extensively. Strong positive correlations were found with shrub layer characteristics, especially density. In contrast, understory forest components had little apparent influence on flying squirrel distribution, except for cedar availability.
INTRODUCTION
The southern flying squirrel, Glaucomys volans (Linnaeus, 1758) is established throughout most of the eastern and central United States, as well as parts of Canada and Mexico. The discovery of epidemic typhus (Rickettsia prowazekii) in several eastern U.S. populations of G. volans (Bozeman et. al., 1975) has increased the need for information on the ecology of this animal. An especially relevant parameter concerns the identification of the optimal habitat type for flying squirrels since this impacts directly on the human population that may also be present.
Little is known of the habitat preferences of the southern flying squirrel. Muul (1974) noted that flying squirrels were not restricted to a particular forest habitat type, and the tree species selected for nesting sites reflected those available in the different geographic areas. He further noted that the tree species chosen probably followed the choices made by woodpeckers (Dendrocopos spp.) since flying squirrels normally do not excavate the cavities in which they construct nests. Other vegetative characteristics of the forest habitats which might have influenced their use by flying squirrels have not been reported.
In an effort to better characterize the habitat preferences of these animals, this study compared three separate forested areas. Two of the forest stands sustained large, permanent G. volans populations but the third, although clearly suitable habitat according to available literature, harbored only occasional, transient individuals.
This paper identifies vegetative characteristics important or essential to the success of G. volans in nature, and suggests those characteristics which, in their aggregate, define optimal flying squirrel habitat.
MATERIALS AND METHODS

Study Areas
Three small woodlots in the Piedmont physiographic region near Richmond, Virginia were used in this study, namely: Area A, 12.8 ha of mature, mixed hardwood forest, studied from 1972 to 1975; Area B, approximately 1.5 km distant, 4.9 ha of mature hardwood forest, studied from June to November, 1974 (a stream, Falling Creek, flowed between the 2 woodlots); and Area C, approximately 22 km distant, 7.8 ha of mixed second growth hardwood forest, studied from June 1974 to April, 1975.
Trapping Methods
Flying squirrels were captured by 2 methods, namely, unbaited artificial shelter traps, and baited live traps. Artificial shelter traps (Sonenshine et al., 1973) were installed on trees in the 3 areas in geometrically regular grids at intervals of 31.2 m as described by Sonenshine et al., (1979) ; 127 traps were placed in Area A, 49 in Area B, and 77 in Area C. Traps were monitored at regular intervals throughout the study periods. Baited live trapping, conducted only from June through September, was done with Sherman traps (7.6X7.6X25.4 cm) installed on trees at the same sites as the artificial tree shelters, at an elevation of 2.4 m, as described by Sonenshine et al., (1979) . Captured animals were ear tagged (Salt Lake City Stamp Co., Salt Lake City, Utah), and their weight, sex, estimated age (Solberger, 1943) and reproductive condition were recorded.
Phytosociological Methods
The vegetation was sampled using the Bitterlick circular plot method (Lindsey, 1958) , as modified by Levy & Walker (1971) . Circular plots of 100 m 2 were used for trees (individuals greater than 10 cm, diameter breast height, dbh) and saplings (less than 10 but more than 2.5 cm dbh). Circular plots of 16 m 2 were used for shrubs and seedlings. Sample locations corresponded to the tree shelter locations. Plot centers were located by drafting 2 random numbers. The first, between 1 and 10, established the distance from the shelter bearing tree, the secoid, from 1 to 60, the direction from the tree's center. Samples were made at al shelter trap locations. The dominant canopy, understory and shrub species were determined for each site. A species that contributed more than 50% of the indhiduals in a sample was considered the dominant species. If no single species was dominant, co-dominants were assigned. Plots which had not distinguishable domnant or co-dominant species were classified as "mixed". In the understory and shru) strata, plots dominated by a species which was dominant at only one or 2 sites were classified as "other". Plots where the understory zones had 2 stems/ 100 n 2 or less were classified as "no cover" for those strata.
Species density (mean number of individual/sample) and frequency (percent occurrence) were computed for the canopy, understory and shrub strata. Species dominance (sum basal area) was also computed for trees. The Relative Importance Valie (RJIV) (Levy & Walker, 1971 ) of each tree species in the canopy was computed. In addition, the vegetation was described in structural and functional (S-T) terms (Knight & Loucks, 1969) . Each S-F character was scaled from 1 to 9, w.th 1 representing the lowest preference value. Indiwiduals in a sample plot w(ere assigned a value for each character, and the average value of every character was determined for the entire sample plot. Thus, a sample plot with £ trees, 2 with a leaf width value of 5 and the third with a value of 8, would have a mean leaf width value of 6. Values assigned to characters requiring subjective judgments were as follows: 1) leaf width, in order of increasing width; 2) deciduousness, in order of increasing abundance of true deciduous forms; 3) canopy height, in order of increasing height; 4) nest material, with cedar assigned the highest value; 5) limb spacing, with pine and dead trees assigned the highest values; and 6) bark texture, with rough bark assigned the highest value. Values assigned to canopy, understory and shrub-liana strata were based on flying sqirrel occurrence in the different dominant types, with data transformed by Chi 2 as described below. In the case of foods, the season of crop production was based on Radford et al. (1964) . Other variables studied were amenable to direct quantification and are not described further (e. g., tree diameters).
Data Analysis
Data on G. v¡olans use of different forest types was transformed by Chi 2 . Forest types were characterized by the dominant tree species represented in the canopy. Each type was assigned a value reflecting its importance to the Chi 2 sum and the transformed data analyzed by multiple correlation and regression (UCLA Computer Program BMD 02R). No comparisons with G. volans captures was done for Area B, due to the paucity of captures. G. volans use of certain dominant vegetative types for nesting, food storage and defecatoria was compared by Chi 2 . Differences in density and diversity of the shrub and true understory strata at the 3 study areas were evaluated by the Student's i-test.
RESULTS
Vegetation of the Three Study Areas (Phytosociology)
The 3 different areas were predominantly oak-hickory (Quercus-Carya) characteristic of the climax community expected in the region and superficially similar to one another. Oaks, especially white oak (Q. alba) and red oak (Q. rubra) were the most important canopy species, representing at least one-third of the canopy in each area (Table 1) . Hickory was also important in all 3 areas, representing 9.6% to 16.2% of the canopy species. Sweet gum (Liquidambar styracijlua) was much more important in areas A and B than C, yellow poplar (Liriodendron tulipifera) was important only in area A, while pine (Pinus taeda) was especially abundant in area C. Overall, area A was the most diversified of the 3 study areas, with 30 species of trees, while B was the least diversified, with 23 species (72.2% of which were oaks, hickories or sweet gum). Table 1 Comparison of relative importance of value (%>) of dominant tree species of the forest canopy at the three Virginia study areas. Tree species were not uniformly distributed. Seven different canopy types were recognised, reflecting differences in physiography and land use history (Table 2 ). Area A had 6 different types, including a large mixed lowland type [(red maple, sweet gum, black gum and occasional birch (Betula nigra) and yellow poplar)] along the flood plain of the creeks. Area B was the least diversified, with only 4 types. Area C had 6 types, including a substantial sector dominated by pines whi:h was absent in Area A.
The understory (canopy replacement and true understory) consisted mostly of the same tree species as well as holly (Ilex opaca), dcgwood, (Cornus jlorida), ironwood (Carpinus caroliniana), cedar (Junipeius virginiana) and sassafras (Sassafras albidum). Dead trees were strongly represented in this stratum although rare in the canopy. Diversity of understory species was least at area B, reflecting the gradual loss of
serai species in this mature stand. The difference in diversity between areas A and B was statistically significant (P<0.05), but not between areas B and C (Table 3) . The distinction between area B and the other areas was even more pronounced when understory stem densities were compared, with area B showing the lowest sensity and the most strongly significant difference (P<0.01 and <0.02, respectively). The shrub layer in areas A and C was a highly diversified, dense component of the forest. Twenty-two species were present at area A, and 21 at area C (Tablle 4). Greenbrier (Simlax spp.), blueberry (Vaccinium spp.), honeysuckle Table 3 Comparison of differences in diversity and density of the true understory strata of the forest habitat at the three Virginia study areas. Vegetative association affecting G. volans
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(Lonicera japónica) and strawberry bush (Evonymus americana) were the most common species, frequently present in thick, tangled masses which precluded movement by all but the smallest animals. In contrast, area B had a poorly developed shrub layer, with only about half the diversity and density of the shrub layer at other areas, and only 13 species represented in the sampled plots. Moreover, the shrubs were dispersed, providing little ground cover and no obstruction to movement throughout the area.
Utilization of Vegetation Types
G. volans captures were significantly related to the distribution of different vegetation types on areas A and C. (Area B with only 3 captures, is not considered further). Table 5 summarizes data based on Table 5 Observed versus expected numbers of flying squirrels in different dominant vegetative types at two Virginia study areas (Tree shelter trap captures only).
Abbreviations same as in captures from tree shelters. If canopy vegetation is examined alone, the mixed lowland and oak dominated types are found to have been utilized most while the oak and pine types were utilized least. At area A, si:es dominated by yellow poplar were especially preferred. These associaticns occurred at substantial distances from standing water (at 32 m, Chi*= = 63.3, PC0.01, at 64 m, Chi 2 =53.7, PC0.01), even though proximity to aquatic habitat is reported to affect G. volans distribution (Muul, 1963) . If understory is examined alone, dogwood dominated sites appear to have attracted greater numbers of flying squirrels at both study areas. Hol.y, alone or in combination, appears to have been important in area C. Absence of understory did not totally exclude squirrels; in area A, many more squirrels than expected were found. If the shrub layer is examined alone, blueberry, separately or in combination, and honeysuckle dominated sites were found to have been utilized most.
Tests of the relationships between G. volans distribution and vegetatim were also made with baited live trap captures, but only in area A. Tie highly significant relationship with canopy vegetation found with tree shelter traps was also found with baited live traps (Chi 2z = 25.89, P<0.0.); again, oak and yellow poplar dominant sites were important. However, no relationship was found between baited live trap captures and tie composition of the understory or shrub strata (Chi 2 = 10.85, P>0.10, n.s.; Chi 2 =9.17, >0.10, n.s.). To assess the interaction of all three forest strata, i.e., canopy, understory, and shrub, on flying squirrel sheltering or foraging activity, tie Vegetative association affecting G. volans 367 sites were compared in relation to intensity of their use. Table 6 lists the iorest strata combinations which were highly utilized, (i.e., had at least 5% of all captures), and yielded significantly greater numbers of caotures than expected. These 7 associations produced almost 3/4 of all captures made in this area. Eight other associations were found with siigh;ly more captures than expected, but none contributed more than 2% of all animals taken; 27 other stratum combinations produced fewer captures than expected, or none at all. Mixed lowland, yellow poplar or types with a high representation of oak, in combination with dogwood, holly, honeysuckle, strawberry and/or blueberry, were the most important associations. The absence of understory (NC, i.e., no cover, in Table 6 ) did not deter G. volans use, with 76 more squirrel captures at these sites than expected. In area C, similar relationships were found involving types with abundant oak and the same understory and shrub species. In summary, oak or oak associated types, in combination with a dense shrub layer, represented the most nearly optimal type for G. volans, based on site selection by these animals. Mixed lowland and yellow poplar dominated types, both relatively hydric communities situated near standing fresh water, were also important. Understory did not appear to be essential for use of any of the aforementioned types, although dogwood and holly were common components of the most intensively used habitats.
Structural-Functional (S-F) Analysis
The results of this analysis are listed in Table 7 . Several habitat features were found to exhibit highly significant positive correlations with flying squirrel captures. In area A, canopy tree characteristics had the greatest overall influence on flying squirrel captures, with tree height, leaf width, reduced limb spacing frequency and bark texture all exhibiting strong positive correlations. With the exception of cedar availability, the understory stratum was relatively unimportant. Strong positive correlations were found with the shrub layer, primarily with density, and secondarily with summer food production. Food characteristics were relatively unimportant for sheltering or nesting animals, with low or negative correlation values, except in the case of shrub summer food production as noted above. Foraging animals (baited live trap captures) also exhibited strong positive correlations with certain canopy tree characteristics, namely reduced limb spacing and bark texture; however, tree height and the correlated diameter and basal area parameters were insignificant for foraging animals. The understory layer was more important for foraging flying squirrels, (but only with regard to diversity) and cedar availability was especially important. The shrub layer did not contribute as strongly to foraging as it did to sheltering activity, but shrub summer food production remained a strong attraction. Table 7 Flying squirrel capture frequency in relation to 26 different vegetative characteristics of the forest habitat at two different study areas in Virginia 1 .
Area A Area C Overall, canopy tree species characteristics (i.e., height, leaf width, bark texture, and limb spacing), cedar availability, and shrub layer characteristics, exhibited the strongest and most consistent influence throughout the year. Again, food characteristics were unimportant for foraging animals, with the exception of shrub summer food production, and the correlations exhibited very low or even negative values. In area C, correlations with S-F characters were much weaker than in A, perhaps because of the much smaller data sample. Deciduousness, i.e., the degree to which the site was dominated by deciduous trees, was consistently important in this study area. Tree diameter and basal area, normally associated with tree size, were important for foraging animals. Again, no importance was attributed to the understory characters, but shrub density was very important for foraging animals.
DISCUSSION
The composite forest community, rather than just the canopy species, appears to determine the suitability of an area for the southern flying squirrel. Our findings suggest that extreme reduction of the shrub and understory strata render a wooded area unsuitable for breeding populations of this species. This was evident at area B, a woodlot virtually devoid of a shrub-liana layer. A dense shrub-liana stratum minimizes the exposure of G. volans to predators, especially while the rodents are active on or near the ground. Moreover, many of the shrubs provide an important summer food source (Muul, 1968) prior to the availability of acorns, nuts and other mast. In Virginia, honeysuckle, strawberry bush and blueberry bush were the shrub species most frequently found in Sites utilized by G. volans. Elsewhere in Virginia, the authors observed G. volans nesting in the densely wooded, swampy area along an isolated beaver pond, but not in the mature oak-hickory forest on an adjacent hillside. The former habitat had a dense shrub-liana layer, while the latter habitat had only occasional, scattered shrubs. In northern Louisiana, Goertz et al. (1975) found G. volans selection to be about 20 times greater for a young, second growth pine-hardwood forest than for a mature hardwood stand. Unfortunately, the character of the shrubliana strata in these two habitats was not described, although it is expected to be much denser in the former.
In contrast to the findings for the shrub-liana layer, the presence or absence of an understory layer had no apparent influence on G. volans aggregations. The only exception was the importance of cedar, the bark of which is used for nest construction. Contrary to the observations of Muul (1968) and Goertz et al. (1975) , cedar bark was the only natural fiber used for this purpose in the three Virginia study areas.
Canopy tree associations of the flying squirrel over an extended geographic range were studied by Muul (1974) . According to this author, G. volans is opportunistic, accepting suitable cavities in virtually any tree. In the northern states, however, oaks were utilized most often with more than 60°/o of the nests recorded by Muul found in these trees. Madden (1974) , in her study of G. volans on Long Island, N.Y., noted that hickory trees were an important component of the habitat, with hickory nuts serving as the major food source during fall and winter. Depicting the flying squirrel as an opportunistic animal with little concern as to its choice of nest or densities may be an oversimplification. Our findings suggest that canopy vegetation influences flying squirrel use of different habitats, though not as strongly as the shrub Layer. Mixed lowland, oak and yellow poplar dominated types were utilized with significantly greater frequency, even when the influence of freshwater (Sonenshine et al., 1979) was excluded. Pine and oak-pine dominated areas were utilized infrequently and nests of food caches were never observed in cavities in pine trees or shelters attached to such trees. The results of the structural and functional analyses also support the association with selected tree types. Strong, positive associations were found with extreme height, increasing leaf width and coarse bark texture, features consistent with the older mature stands of oak, yellow poplar and, to a lesser extent, red maple, where these occur in combination with a dense shrub-liana stratum.
Further studies in different geographic areas are needed to determine whether the habitat requirements of the flying squirrel described here reflect their needs throughout their range, or are only a regional phenomenon.
